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Abstract 1 
Abstract 
Deepest Serendipitous Survey of the Intermediate Galactic Latitude from 
XMM-Newton 
By Larkin Michelle Duelge 
The XMM-Newton Observatory has conducted many observations of the type I active 
galactic nucleus 1H0707-495. The 0.7 deg2 field of view around the AGN was observed 
over the course of ~10 years with a total exposure time of 3.75 Ms, allowing for the 
deepest ever serendipitous survey of intermediate galactic latitude. Combined data 
from the European Photon Imaging Camera (EPIC) gives the first X-ray "real-colour" 
image of this field with a limiting flux of 6.72 x lO"16, 2.94 x 10~15, and 1.14 x 10~14 
ergs/cm2/sec in the 0.5-2, 2-4.5, and 4.5-12 keV, respectively. A total of 128 sources 
were detected with a photon count > 50 not including one arcmin surrounding 1H0707-
495. The log(N)-log(S) relation in two bands show consistent slopes with previous 
surveys and models. Spectra are created and analyzed for the 30 brightest sources and 
an additional source of interest. Colour-colour diagrams were made using hardness 
ratios to examine the nature of sources that were too dim to study spectroscopically. 
23 August 2011 
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Chapter 1 
Introduction 
1.1 X-rays, the Cosmic X-ray Background, and 
AGN 
X-rays cover the 0.1 to 500 keV range of the electromagnetic spectrum. X-ray 
radiation is emitted from astronomical objects containing extremely hot gas and/or 
very high-energy particles moving at relativistic speeds. Several astronomical objects 
emit X-rays such as galaxy clusters, supernova remnants, active galactic nuclei (AGN), 
and compact binary systems containing a white dwarf, neutron star, or black hole. 
The terms "soft X-ray" and "hard X-ray" are used to describe the penetrating ability 
and are relative terms that change depending on the context being used. For this 
work, "soft" will be from 0.5-2 keV and "hard" will be from 2-12 keV. 
The cosmic X-ray background (CXRB) was discovered by Giacconi et al. (1962) 
during a rocket flight to observe X-rays from the moon. Giacconi found diffuse and 
constant X-ray emissions coming from all directions that were not attributed to the 
observing instrument. Two options for the origin of this CXRB were proposed. It was 
either a superposition of many discrete sources (Setti & Woltjer, 1973) or it was an 
optically thin, hot intergalactic medium (Marshall et al., 1980). Since then, surveys 
performed on the CXRB have found it to be the former, a superposition of many 
point sources. Optical spectroscopy identified the majority of these sources to be 
AGN (McHardy et al., 1998; Schmidt et al., 1998; Zamorani et a l , 1999). 
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Figure 1.1: Left: The Unification Model showing the viewing angles of the type I and 
type II Seyfert galaxies (Torres & Anchordoqui, 2004). Right: Spectra of a type II 
AGN (top) and a type I AGN (bottom) (Netzer, 1990). The horizontal axis for both 
spectra are the same. 
AGN have been broken down into groups: Seyfert galaxies, quasars, radio galax-
ies, blazars, and low-ionization nuclear-emission-line regions (LINERS) (Melia, 2009). 
Each of those groups can again be subdivided but the majority of this work will be 
concentrated on Seyfert type I and type II galaxies. The AGN Unification Model 
(Antonucci & Miller, 1985; Antonucci, 1993) is the theory suggesting both type I and 
type II Seyfert galaxies are the same object viewed from different orientations. Fig 
1.1 on the right shows how the viewing angle is proposed to change from a type I 
to a type II AGN. The narrow line region (NLR) and broad line region (BLR) are 
named for the shape of the emission lines each region contributes to the optical spec-
tra. In a type II AGN, a dusty torus hides the BLR from view leaving only the NLR 
represented in the spectrum (Fig 1.1 top). In a type I AGN, the NLR and BLR are 
visible and therefore both contribute to the spectrum (Fig 1.1 bottom). The X-ray 
continuum of an AGN spectrum follows a power law of the form Fv = v~
T where T is 
referred to as the photon index. 
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1.2 Deep vs Wide Surveys 
Extragalactic surveys have been useful tools for finding information about the 
formation and evolution of galaxies, clusters/groups of galaxies, large-scale structures, 
and supermassive black holes (Brandt & Hasinger, 2005). The deeper the survey, 
the fainter and more distant the objects detected. These objects represent earlier 
epochs and can be used to probe galaxy structure and formation. Deep surveys are 
important to study the populations of X-ray sources at the faintest levels possible and 
help constrain the faint-end population distribution of the CXRB. Such studies have 
resulted in the measurements of AGN evolution, growth of super massive black holes, 
constrained the physics of high-redshift AGN, performed populations counts of AGN, 
and improved understanding of the AGN content of galaxies (Brandt & Hasinger, 
2005). On the other hand, wide surveys (Caccianiga et al., 2008; Hasinger et al., 
2007) cover a much larger area and have much higher counting statistics in order 
to perform detailed analysis on a larger number of X-ray sources. However, wide 
surveys are typically shallow and are unable to represent the faintest X-ray sources 
that represent the majority of the CXRB. 
Using the observations from surveys, models of the CXRB can be synthesized. 
These models have many possible parameters and therefore many models have been 
proposed. Some models are based on the unification theory of AGN, luminosity 
functions, and cosmological evolution (Comastri et al., 1995) while others use source 
counts, redshift distributions, absorptions distributions, and the geometry of the Uni-
verse (Gilli et al., 2001). These are only a few of the parameters that can be taken 
into account when modeling the CXRB. 
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1.3 Remaining Questions 
There are questions that can still be answered with further X-ray surveys, partic-
ularly from deep surveys. 
The CXRB is resolved at «80-95% below 6 keV, but drops to «60% at higher 
energies (Brandt, 2007) suggesting many high energy X-ray sources are still being 
missed. Selection incompleteness has limited our understanding of AGN and increas-
ing the number of faint sources studied will allow a better population sample. An 
example of the limitations caused by incompleteness demonstrated by Hasinger et al. 
(2005) who showed that moderate-luminosity AGN peak later in cosmic evolution 
than high-luminosity AGN, contrary to initial intuition. Additional deep surveys can 
confirm or deny this unexpected result in the number density of AGN. 
How much each source contributes to the CXRB needs to be further constrained. 
This can help to form models to find the origin of the CXRB (Comastri et al., 1995). 
Within these models there are parameters that can help describe many important 
properties of the Universe; the make-up of the CXRB, AGN formation/evolution 
rate, galaxy evolution through time, and the cosmological evolution of the universe. 
The evolution of the spectral energy distribution of AGN requires further investi-
gation. The evolution of AGN with high redshift and luminosity can only be studied 
with deep observations. These are just a few examples of the questions that can be 
answered with additional deep observations and multi-wavelength data. 
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1.4 Focus of This Work 
1H0707-495 
The type I AGN 1H0707-495 has been given substantial time by high-energy as-
tronomers in the past because of its spectral complexity. 1H0707-495 is a popular 
target for X-ray observations because of the high variability and broad iron K and L 
emission lines (Fabian et al., 2009a). Although different models have been made to 
explain the properties of 1H0707-495, most fail to explain all features (Zoghbi et al., 
2010). In total, over 3.75 Ms (1.25 Mspn + 1.25 MsMosi + 1-25 MsMos2) of exposure 
time has been taken with XMM-Newton in order to study this complex AGN. As a 
result, the field around 1H0707-495 is one of the deepest fields available from XMM-
Newton. Substantial information can be taken from this existing data to analyze faint 
X-ray sources surrounding this AGN. 
Our Work 
Some of the deepest surveys performed, such as Chandra Deep Field South (Gi-
acconi et al., 2001; Rosati et al., 2002; Giacconi et al., 2002), Chandra Deep Field 
North (Giacconi et al., 2002; Brandt et a l , 2001), and The XMM Lockman Hole sur-
vey (Hasinger et al., 2001), encompass only high galactic latitude regions (\b\ > 21°). 
Other surveys, such as those performed by ROSAT (Motch et al., 1998; Morley et al., 
2001), include only the galactic plane. That makes this serendipitous survey impor-
tant in order to collect data from a mixture of source types with low flux limits at 
intermediate galactic latitude (\b\ ~ 17°) in a wide range of energy bands. These 
energy bands allow both hard energy and soft energy sources to be sampled. 
The focus of this thesis will be to locate and identify the X-ray sources of the 
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deep field circumambient 1H0707-495. This thesis will present a X-ray survey of 128 
sources over 0.7 deg2 field of view, excluding one arcmin containing the AGN 1H0707-
495. Chapter 2 will discuss the XMM-Newton Observatory and the specifications of 
the instruments. Chapter 3 will give details in extracting and reducing the data as 
well as the formulas used in the processing. Chapter 4 will give the source count 
distribution and the log(N)-log(S) relation. Spectra will be analyzed in chapter 5 
using four models in identification of the brightest 30 sources and one additional 
source of interest. Chapter 6 will give the hardness ratios of each source displayed 
with a model webbing of absorbed power laws. In chapter 7 we will summarize our 
results and discuss avenues for future work. 
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Chapter 2 
The XMM-Newton Observatory 
2.1 Overview 
The X-ray Spectroscopy Multi-Mirror Mission (XMM) is three 58 shell, Wolter-I 
telescopes built by the European Space Agency (ESA). It was launched in December 
of 1999 to perform high throughput spectroscopy of cosmic X-ray sources over a broad 
band of energies from 0.1-15 keV (Jansen et al., 2001). At the focal plane of the three 
nested X-ray Mirror Modules are the two Reflection Grating Spectrometer (RGS) 
readout cameras and an European Photon Imaging Camera (EPIC) with one pn semi-
conductor detector and two metal-oxide semi-conductors (MOS) imaging detectors. 
Also included on the observatory are the Optical Monitor (OM) instrument and star 
trackers (Jansen et al., 2001). Fig 2.11 shows the configuration for XMM-Newton. 
2.2 European Photon Imaging Camera (EPIC) 
For this survey, the primary detectors used were the EPIC image detectors equipped 
with one pn and two MOS cameras. These cameras perform sensitive imaging obser-
vations over a 30 arcmin field of view (FOV) for energy ranges from 0.15 to 15 keV 
with a moderate spectral resolution (E/AE ~ 20 — 50) and an angular resolution 
full width half maximum (FWHM) of six arcsec. The performance of the telescopes 
is based on how effective the mirrors are in collecting photons of different energies. 
http://heasarc.nasa.gov/docs/xmm/about_overview.html 
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MOS Cameras 
Figure 2.1: XMM-Newton observatory system 
This is the effective area of the cameras and can be seen in Fig 2.2. As of 2008, 
XMM-Newton has not shown any important long-term change in the behaviour of the 
background from the EPIC cameras (Rodriguez-Pascual & Gonzalez-Riestra, 2008). 
2.2.1 pn Camera 
The pn-CCD is named for the pn junction of the semiconductors used in the 
configuration of the camera. The angular resolution of the telescope in front of the pn 
camera is 15 arcsec (0.004 deg) half energy width (HEW) between 1.5 and 8 keV. The 
pixel size is 4.1 arcsec (.001 deg) with a position resolution of 120 /~m giving angular 
resolving capability of 3.3 arcsec (9.17 x 10 - 4 deg)(Striider et a l , 2001). 
There are four operating modes of the pn camera seen in Fig 2.4: full frame/extended 
full frame mode, large window mode, small window mode, and timing mode. The 
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Energy [keV] 
Figure 2.2: XMM-Newton EPIC and RGS net effective area (ESA: XMM-Newton 
SOC, 2010) 
choice of observing mode is determined by finding the best way to maximize the FOV 
and camera "live-time" while minimizing the out-of-time event (OoT) and pile-up. 
An event is characterized by a photon hitting the detector and being read out. This 
gives the photons position on the detector, the energy, arrival time, shape (used to 
separate X-rays from particles such as cosmic rays), and the CCD number. An event 
list is the accumulation of many of these events. If an event is recorded during the 
time the CCD is readout, an OoT is created and will need to be taken into account. 
When more than one X-ray photon arrives in one camera pixel or in an adjacent pixel 
before a read out, there is pile-up. Full frame mode is best for the use of dim extended 
sources with a readout cycle taking 73.3 ms, 4.6 ms for reading out and 68.7 ms for 
the integration of the image. For brighter sources, the FOV is reduced to decrease 
the number of OoT events, to improve the time resolution, and to increase the pile-up 
limit. In the large window mode, only the inner half of the CCD is used for imaging, 
seen in Fig 2.4. The read out in large window mode is 720 ns per CCD line and the 
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(a) (b) 
Figure 2.3: a) Quantum Efficiency of the pn-CCD with fully depleted thickness of 
300/zm (Striider et al., 2001). b) Quantum Efficiency of the two MOS CCDs. MOS1 
is the solid line while MOS2 is the dotted line. (ESA: XMM-Newton SOC, 2010) 
time resolution is 47.7 ms, dropping the of OoT events to below 0.2%. 
The quantum efficiency (QE) is the efficiency of the telescope's ability to collect 
light, is shown in Fig 2.3 (ESA: XMM-Newton SOC, 2010). Although efficient between 
0.1-15 keV, the cameras are only reliably calibrated between 0.3-12 keV. In this work, 
data will only be considered between 0.3-12 keV unless otherwise specified. 
2.2.2 Metal Oxide Semi-conductor Cameras (MOS) 
The imaging area for the MOS camera is ~2.5 cm2, so that a mosaic of seven 
CCDs cover the focal plane 62 mm or 28.4 arcmin in diameter. The imaging section 
has 600 x 600 pixel grid, each pixel covering l . l x l . l arcsec of the FOV (Turner et al., 
2001). 
The four modes available for the MOS cameras seen in Fig 2.4 are: large window 
mode, small window mode, timing mode, and full frame mode. Large window mode 
is 300 X 300 pixels with 0.9 s integration and small window mode is 100 x 100 pixels 
with 0.3 s integration time. Full frame mode requires a 0.2 s readout time. The overall 
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cycle time of the MOS cameras is 2.6 s (Turner et al., 2001). The readout is split into 
two sections that can be used separately or together to half the readout time. The 
QE of the MOS cameras can be seen in Fig 2.3. The QE of the MOS chips limit the 
energy bandpass at the high end as opposed to the pn that has an efficiency up to 15 
keV. 
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Figure 2.4: Operating mode of the pn camera in a) Full frame/extended full frame 
mode, b) Large window mode, c) Small window mode d) Timing mode(ESA: XMM-
Newton SOC, 2010). Operating mode of the MOS camera: e) Full frame mode, f) 
Large window mode, g) Small window mode h) Timing mode. 
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Chapter 3 
X-ray Observations & Data Reduc-
tion 
3.1 Observations 
The Narrow Line Seyfert Galaxy 1H0707-495 is centered at RA 7 h:8 m:41.0 s and 
Dec - 4 9 h:33 m:6.0 s with galactic coordinates £ = 260.°169 and b = -17.°672. XMM-
Newton has made thirteen pointed observations during thirteen different revolutions 
(159, 521, 1360, 1361, 1387, 1491, 1492, 1493, 1494, 1971, 1972, 1973, 1974) from 
21 October 2000 through 20 September 2010 for a net exposure of ~3.75 Ms (1.25 
Mspn + 1.25 MSMOSI + 1-25 MsMos2)- A summary of the observations can be seen 
in Table 3.1. All but four of the observations were obtained from the XMM-Newton 
Science Archive (XSA)1 through ESA. Observations from revolutions 1971 through 
1974 were proprietary to N. Schartel who offered them with conditions. The medium 
filter was used for all EPIC cameras during all observations. The first two observations 
(revolution 159 and 521) were done with the pn camera in full window mode and the 
MOS cameras in large window mode. The remaining observations were done with the 
pn and MOS cameras in large window mode and small window mode, respectively. 
http://xmm.esac.esa.int/xsa/index.shtml 
Revolution Observation Date Time 
ID Start Stop Start [UTC] Stop[UTC] 
Duration Exposure: 





































































































































Table 3.1: Observing Log. The XMM-Newton revolution is given in column 1. Column 2 gives the observations ID. 
Column 3, 4, and 5 gives start and stop dates, times, and duration of each observation, receptively. Columns 6, 7, and 8 
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3.2 Data Reduction 
XMM-Newton data was downloaded from the XMM-Newton Science Archive (XSA)2 
and processed with version 9.0 of XMM-Newton Scientific Analysis System (SAS)3. 
SAS is a collection of tasks, scripts, and libraries specifically designed to reduce and 
analyze data collected by the XMM-Newton observatory. HEASARC's FTOOLS4 
(Blackburn, 1995) routines were used to process Flexible Image Transport System 
(FITS) files. FTOOLS is a collection of utility programs to create, examine, or mod-
ify data files in this format. The SAS task c if build was used to build calibration 
index files (CIF) by scanning a list of directories of current calibration files (CCF) 
from ESA. To create new files containing additional information regarding instru-
mental housekeeping and calibration, the task odf ingest was performed to create 
observation data files (ODF). Reprocessing was done to take full advantage of the 
latest developments of software and calibration. To do this, epchain was performed 
for each CCD on the pn camera and emchain was performed for each CCD on each 
of the two MOS cameras. A flow chart for the MOS processing is given in Fig 3.1. 
Epchain performed similar tasks as emchain for the pn CCD and is performed twice: 
once in standard mode and once for creating OoT event lists. The OoT events were 
then subtracted from the source event list. The results of OoT subtraction to a figure 
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Event list 1 
Event list 3 
Event list 4 
external GTI file 
Auxiliary file 
: List of new bad pixels 
Offset/variance file i 
Frame file 
Event list 1 (other node) 
Frame file (other node) 
"j Tracking history file 
Figure 3.1: Organization of the EPIC MOS event list being combined. The files in 
boldly dashed boxes are used (or produced) if they exist. The files in simply dashed 
boxes are options of the individual tasks not used in the current chain. A similar 
routine occurs for the pn processing. (I. de la Calle, 2011) 
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(a) (b) (c) 
Figure 3.2: a) Image with Out-of-Time event, b) Out-of-Time event, c) Cleaned 
image with Out-of-Time event removed. 
Data were processed in the four energy bands 0.5-1, 1-2, 2-4.5, and 4.5-12 keV, 
through a pipeline processing described in chapter 3.3. Histograms of counts were 
made and energies greater than 12 keV were eliminated as background became dom-
inant and reliable calibration is lost. A good time interval (GTI) is a time interval 
where an event list is collected and it is important in the calculation of exposure times 
or removing high particle background time periods. GTI are were made by filtering 
the high energy background to a threshold of 2 counts/armin2/ks for the MOS and 10 
counts/armin2/ks for the pn cameras using tabgtigen. Event lists were made from 
the GTI using evselect that were then used to create images for all energy bands 
and cameras. Fig 3.3a and b show X-ray images of the pn camera and the combined 
MOSl and MOS2 cameras, respectively, summed over all observations and energies. 
Bin size for the pn and MOS cameras was set to 4.1 arcsec and 1.1 arcsec, respectively 
for source detection. Finally all images were combined taking into account different 
energy bands. Fig 3.4 shows the X-ray "real-colour" image of the FOV. The standard 
convention of energy/colour was used: red from 0.5-2 keV, green from 2-4.5 keV, and 
blue from 4.5-12 keV. 
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(a) (b) 
Figure 3.3: a) Combined X-ray image from all observations for the pn cameras, b) 
Combined X-ray image from all observations for the MOS camera. 
3.3 Source Detection 
Source detection was used with the "edetect-chain Work-Around" in the en-
ergy bands 0.5-1, 1-2, 2-4.5, and 4.5-12 keV. This work around split up the meta 
task edetect_chain into its constituent parts so that additional parameters could be 
included. A common practice of creating a 2-10 keV band was not included because 
of the large energy range that may lead to inaccuracies in the estimates of QE, mirror 
vignetting, and FOV. Instead, the 2-4.5 and 4.5-12 keV final products were combined. 
The corresponding exposure maps for each image were created using the task 
eexmap accounting for the latest calibration information on the mirror vignetting, 
QE, and filter transmission. Because of the serendipitous nature of the survey, not 
all areas of the field of view were equally sampled. The combined exposure map from 
all observations can be seen in Fig 3.5 and the difference in exposure in each area can 
be seen. The maps were then corrected for bad pixels, bad columns, and CCD gaps. 
Detection masks were created for the pn, MOSl, and MOS2 cameras with emask to 
define the area of each detector with exposure area at least 50% of the maximum 
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Figure 3.4: X-ray "real-colour" image of combined observations. The colour refers 
to different energy bands: red, green, and blue correspond to 0.5-2, 2-4.5, and 4.5-12 
keV respectively. Smoothing is done using a 2 arcsec Gaussian kernel. 
exposure. 
The SAS command eboxdetect was performed on each camera/energy in local 
mode to construct a sliding box detection ( 5 x 5 pixels) creating a preliminary source 
list. Any detection with likelihood above eight was included in the preliminary list, as 
suggested by the XMM-Newton Handbook (2010). Likelihood is the likelihood that 
a source being detected is a spurious detection, C = —Inp, where p is the probability 
of the detection occurring by chance. For a C = 8, a p = 3.35 x 10~4. Detection 
likelihoods were then transformed into equivalent likelihoods (£2): 
n 
£2 = -ln(l - P(^,£% where £ = ^ d 
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Figure 3.5: Colour coded vignetting corrected exposure map. The maximum effective 
depth is shown in white at 3.75 Ms. RA and Dec are in units of degrees. 
where P is the incomplete Gamma function, n is the energy band, v = 2 + n, Li = ^f 
with C defined by the C statistic used for binned data at low count rates. The C 
statistic was developed for a parameterization estimation where the probability need 
not be a Gaussian (Cash, 1979). 
From the original image, the command esplinemap removed all preliminary sources 
found by eboxdetect to create a background map. Fig 3.6 is the 1-2 keV background 
map of observation 110890201 for the pn camera, thus any detected source from 1-2 
625 1250 1*75 2500 
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Figure 3.6: Cheesed background map made from esplinemap of observation 
110890201 for the pn camera. All sources detected in this observation within the 
energy range of 1-2 keV have been eliminated. 
keV has been removed from the image. This spline image has been termed a cheesed 
spline background map because of the Swiss cheese appearance from the removed 
sources. This cheesed background map is divided by the exposure map to remove 
spatial variations. Again eboxdetect was performed, this time in map mode, for 
each camera and energy taking into account the background map and made a final 
source detection list. The task emldetect used these sources and simultaneously 
applied a point spread functions (PSF) and Gaussian model of each source for all 
cameras/energies. This constrained the same best-fit value in all energy bands of 
each camera for each source. Emldetect used the exposure maps to correct the count 
rates for vignetting and losses because of inter-chip gaps, bad pixels, and OoT events. 
Source counts (S) and uncertainties (as) a r e defined as: 
countsimg — countsbkg _ 1 + y/countsimg + 0.75 
PSF ' as = PSF 
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where countSimg are the image and background counts and countSbkg are just the 
background counts. The count rate (CR) is then 
CR= S 
Tpn + TMOSI + TMOS2 
where Tpn , TMOSI, TMOS2 are the exposure times of the three instruments computed 
from the exposure maps. The count rate-to-flux energy conversion factors (ECF) 
are calculated using the latest response matrices assuming a power-law with an X-
ray Galactic absorption NH = 3 x 10
20cm~2 * and photon index V = 1.7. The 
Galactic absorption is because it is an observed flux from within our Galaxy and 
there is intergalactic extinction of X-rays due to absorption of the photons between 
the source and the observation. The reason for T = 1.7 will be explained in chapter 
4.3. This model has been shown to provide a reasonable representation of the bulk of 
X-ray sources (Watson et al., 2009). The total conversion factor was computed using 
the overall exposure times of the pn, MOSl , and MOS2 cameras, ECFpn, ECFMosi, 
ECFMOS2-
Ttot _ Tpn TMOSI TMOS2 
ECFtot ECFpn ECFMOSI ECFMOS2 
where Ttot = (Tpn + TMosi + TMOS2)- The ECF for each instrument and energy band 
can be seen in Table 3.2. The source flux (Fx) is then calculated as 
Fx = ECF x CR. 
Each source, the probability (p) that counts originate from a background fluctuation 
was calculated from the Poisson function: 
t xmm.vilspa.esa.es/docs/documents/CAL-TN-0023-2-l.ps.gz 


































Using countimg = 50 and countbkg — 6.5, a p = 2 x 10~
4 was calculated. A sensitivity 
map providing a point source detection upper limit for each image pixel was created 
using esensmap for each camera/energy and combined to create a single sensitivity 
map. Images were combined using emosaic. 
For a source to be included in the final source list, it had to be detected by two 
or more cameras from any of the observations. Source counts have been weighted 
by exposure times. The order of brightness was determined by taking the highest 
weighted source count from each source. The AGN 1H0707-495 and the surrounding 
one arcmin were removed because of contamination and source confusion from the 
bright AGN. While this did not remove all light from the AGN, it removed enough 
so that a source could be detected within the threshold. The final source list can 
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be seen in A.l. According to SIMBAD Astronomical Database^ two possible sources 
could have been identified prior to this survey. Sources 13 and 128 each had one 
identified object in the database within 0.01 deg. The separation needed for XMM-
Newton to resolve between two sources is 0.0055 deg. I used a high estimate of 0.01 
degrees to take into account the angular resolution of the observatory with the fact 
the right ascension and declination of the sources will not be exact between my values 
and catalogue's. Source 13 has been listed as or close to a galaxy in the 6-degree 
Field Galaxy Survey and 2Micron ALl-Sky Survey, Extended source catalogue. Source 
128 has been listed to be or be close by to a radio source in the Parkes-MIT-NRAO, 
Molonglo Catalog (Radio), and the Sydney University Molonglo Sky Survey. No X-ray 
sources were previously identified. 
1 SIMBAD database operated at CDS 
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Chapter 4 
Discrete Source Contribution to the 
CXRB 
It has been shown that the CXRB originates from the superposition of many un-
resolved, faint X-ray sources (McHardy et al., 1998; Schmidt et al., 1998; Zamorani 
et al., 1999). Spectroscopic analysis has shown the predominant objects to be AGN 
(as will be seen in chapter 5), the highest fraction consisting of type II Seyfert (i.e. 
absorbed) followed by type I Seyfert galaxies (i.e. unabsorbed)(Brandt, 2007). To 
estimate the contribution of each extragalactic X-ray source to the CXRB, it is nec-
essary to estimate each source's "luminosity function" and extrapolate to larger dis-
tances. One means of evaluating the contribution of each source to the CXRB is the 
"log(N)-log(S)" analysis. 
4.1 Sky Coverage 
Taking all source fluxes and distributing them evenly over the 0.7 deg2 FOV, Fig 
4.1 shows the distribution of the fluxes with a solid angle starting at 0.0 deg2 and 
increasing to the full FOV. Soft sources (red solid line) have the majority of fluxes 
and have a higher detection threshold, while hard source (blue dotted line) are much 
less in number and have a lower detection threshold. The sky coverage was computed 
using the sensitivity maps at a given flux. The area of the sky where the sensitivity 
maps have values below a specified flux is summed. For each band, a sky area at 
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Figure 4.1: Sky coverage as a function of flux for energies 0.5-2 (red solid line), 2-4.5 
(green dashed line), and 4.5-12 (blue dotted line) keV 
each flux was calculated. The sky coverage in the 0.5-2, 2-4.5, and 4.5-12 keV energy 
ranges were computed by summing the contribution from all fields following Baldi 
et al. (2002). 
4.2 Calculating Source Count Distributions 
In X-ray astronomy it is customary to use the integral source counts to show the 
shape of the source count distribution. The number of sources per unit sky area with 
a flux higher than a predetermined minimum flux is defined as 
N(> s)=£ h 
sz>s 
where N(> S) is the surface number density of sources with a flux (S) higher than 
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a minimum flux (Si) of the ith source, and fij is the solid angle in deg2 as calculated 
by the sky coverage (Fig 4.1). The minimum threshold for the flux detected for each 
energy band was 6.72 x 10~16, 2.94 x 10"15, and 1.14 x 10~14 ergs/cm2/sec in the 
0.5-2, 2-4.5, and 4.5-12 keV respectively. In the remainder of this chapter, the 2-4.5 




Extragalactic count distributions are dependent on the cosmological and statistical 
properties of X-ray sources and provide a direct method to investigate the underlying 
source population. By constraining the extragalactic source count distributions over 
a range of fluxes and energy bands, one can test if the predictions of synthesis models 
of the CXRB agree with the observed constraints provided by X-ray surveys (Mateos 
et al., 2008). Within these models, there are parameters that can help describe what 
the CXRB is composed of and why it follows the trend it does. These models also can 
include many important properties of the Universe. Observations and models differ 
for the soft energy and the hard energy sources. 
The cumulative log(N)-log(S) for the soft energy band of 0.5 - 2 keV can be seen 
in Fig 4.2. The red diamonds are XMM-Newton Large scale survey (Mateos et al., 
2008), the green squares are the XMM-COSMOS field (Cappelluti et al., 2007), and 
the purple flags are the XMM-Newton middle latitude serendipitous survey (Novara 
et al., 2006). The two solid lines are from Baldi et al. (2002) for log(N)-log(S) for 
higher galactic latitudes (\b\ > 27°). Included are the upper and lower limits of 
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the log(N)-log(S) using the Poisson's formula discussed in chapter 3. The default 
p — 2 x 10 - 4 was used for the upper limit and p = 2 x 10~5 with a larger extraction 
radius was used for the lower limit accounting for any systematic errors in the XMM-
Newton calibrations. The dashed blue line in Fig 4.2 - 4.3 is the predicted model 
of the contribution of AGN to the X-ray background (Comastri et al., 1995). This 
model is based on the unification schemes of AGN and its related X-ray spectral 
properties. This model predicts the distribution based on the possible reprocessing 
of X-ray radiation by cold matter now called the "reflection mode" (Comastri et al., 
1995). 
Fig 4.2a shows data with the converted count rate to flux using a photon index 
of T = 1.7. This led to a power law index of —2.74 ± 0.16 compared to Mateos' 
-1.29 ± 0.04 and Cappelluti's -1.16 ± 0.04 who used a photon index of T =2.0. The 
2-10 keV band has been studied vigorously in the past 30 years and it has been found 
that most AGN spectra follow a the power law with ~ T = 1.7. This is because of 
the photons from the accretion disc undergoing Comptonization in the hot corona 
(Nardini et al., 2011). In the mid-1980s, observations using the Einstein Imaging 
Proportional Counter (IPC) showed X-rays from 0.1-2 keV followed a much steeper 
index (Pravdo & Marshall, 1984; Elvis et al., 1985). This steepening between the soft 
and hard X-rays is called the "soft excess". Over the years, it was found that reflection 
from the photo-ionized accretion disc being blurred by relativistic effects successfully 
reproduce the spectral shape of the soft excess (Nardini et al., 2011). When we apply 
the higher photon index in the lower energy bands to the data, we find the slopes are 
comparable with a power law index = —1.37 ± 0.08 as seen in Fig 4.2b. 
My data lie close to Novara et al. (2006) middle latitude survey and above the 
predicted values. Novara et al. (2009) reason for the data above the upper limit 
set by Baldi et al. (2002) is that their survey detected a large sample of galactic 
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Figure 4.2: a) The 0.5-2 keV log(N)-log(S) of this serendipitous survey (black circles) 
as compared to XMM-Newton Large scale survey (Mateos et al. 2008, red diamonds), 
the XMM-COSMOS (Cappelluti et al. 2007, green squares), and the XMM-Newton 
middle-latitude serendipitous survey (Novara et al. 2006, purple flags). The dashed 
blue line represents the model by Comastri et al. (1995). The slope is much steeper 
than the comparisons because of using the default photon index F = 1.7. b) The slope 
compared once we changed the photon index F = 2 for the soft excess to compare 
results. 
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Figure 4.3: The 2-12 keV log(N)-log(S) of my serendipitous survey (black circles) as 
compared to XMM-Newton Large Scale survey (Mateos et al. 2008, red diamonds), the 
XMM-COSMOS (Cappelluti et al. 2007, green squares), the XMM-Newton Middle-
Latitude Serendipitous survey (Novara et al. 2006, purple flags), and BeppoSAX sur-
vey (Giommi et al. 2000, blue asterisks). The dashed blue line represents the model 
by Comastri et al. (1995). The slope is comparable to both the model and slope of 
other works. 
sources missed at higher latitudes and in the Galactic plane because of high amounts 
of interstellar absorption. I do not believe this to be the case in this survey because of 
the majority of source spectra fitting extra-galactic sources, as will be seen in chapter 
5. 
The cumulative log(N)-log(S) for the hard energy band of 2-12 keV can be seen in 
Fig 4.3. Again, the red diamonds are XMM-Newton Large scale survey (Mateos et al., 
2008), the green squares are the XMM-COSMOS field (Cappelluti et al., 2007), and 
purple flags are the XMM-Newton middle latitude survey (Novara et al., 2006). The 
blue asterisks are the BeppoSAX survey (Giommi et al., 2000). My data fit a power 
law index of —1.80 ±0.07. The power law index for XMM-Newton Large scale survey, 
XMM-COSMOS, and BeppoSAX are -1.66 ± 0.04, -1.59 ± 0.04, and -1.76 ± 0.06 
2-12 keV 
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respectively. It should be noted that other works are from 2-10 keV and this survey 
was performed from 2-12 keV, however the power law slope is constant from 2-12 keV 
at T = 1.7 so the data will not be effected by the larger range of the energy band. 
For the hard energy band, this survey shows results higher than other previous 
surveys. This result maybe because of this survey being substantially deeper than the 
afore mentioned surveys with Mateos et al. (2008) at ~7 ks, XMM-COSMOS at ~68 
ks, XMM-Newton middle-latitude serendipitous survey at ~260 ks, and BeppoSAX 
at < 10 ks. This makes this survey more susceptible to bias effects at the threshold 
fluxes. This suggests that the source count distributions are strongly affected by 
source detection bias. 
There are three main sources for the source detection bias; source confusion, spu-
rious detections, and Eddington bias. Source confusion occurs when two or more 
sources fall in a single resolution element of the detector. For XMM-Newton the 
source confusion is reached at about < 1016 erg/cm2/s (Loaring et al., 2005), just 
above the flux limits reached for this survey. Thus the effect of source confusion in 
the source count distribution may be seen, especially in the lowest fluxes. Also, be-
cause of the deep nature of this survey, a high threshold of detection likelihood was 
used (C = 8). This will cause the fraction of spurious detections in the sample to be 
slightly higher than that of other surveys (i.e. Mateos et al. (2008) used C > 15). A 
detection likelihood of C = 10 can correspond to a ~2.6% fraction of spurious detec-
tions in the 5-10 keV band (Loaring et al., 2005). This means the expected number 
of spurious sources per XMM-Newton pointing in this energy band is ~1.1, with this 
survey having 13 pointings. Eddington bias (Eddington, 1913, 1940) is because of the 
statistical uncertainties in the photon counting. The fluxes are statistically over esti-
mated because there are more faint sources than bright sources. Thus more sources 
are "up-scattered" to a given flux measurement than those that are "down-scattered" 
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(Wang, 2004; Loaring et al., 2005). The severity of this effect depends on statistical 
errors in the measured flux values and the intrinsic slope of the N(S). This effect will 
cause more faint sources to be detected than are actually present. For C = 6 — 7, the 
Eddington bias can generate up to ~23% at the faintest fluxes. Thus the Eddington 
bias will affect this survey's results the most. This bias is even more prevalent in 
the harder energy band because of the background being greater causing a greater 
statistical error for a source at a given flux, seen in Fig 4.3. 
Due to possible error because of bias, the log(N)-log(S) relation in the two bands 
show slightly higher slopes that previous surveys and models. This would be consistent 
with Eddington bias having a higher number of faint sources than bright sources. The 
higher values for the over all surface number density could be due to the high threshold 
detection set for the likelihood. This value could raise the surface number density as 
high as 23%. 
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Chapter 5 
Spectral Analysis 
5.1 Spectra Creation 
Spectra for each point source and a corresponding background were extracted using 
evselect for all observations and cameras. The right ascension and declination for 
the brightest 30 sources were converted to (x, y) coordinates using eregionanalys. 
The angular resolution of XMM-Newton of 0.0055 degrees was used as a radius. The 
background was extracted from an off source region directly above each source with 
a radius of 0.060 degrees. The task backscale was performed on both the source 
and the background in order to scale the area of each region taking into account 
CCD boundaries and bad pixels. The task rmf gen was used to create a redistribution 
matrix file (RMF) that reformatted the detector and energy bounds information from 
the calibration of each instrument and uses the information to correct for instrumental 
effects. An ancillary response file (ARF) was created using arfgen that calibrated 
information to perform necessary corrections for instrumental factors (i.e. effective 
area, quantum efficiency, bad pixel correction, OoT). The longest eight exposures 
(revolutions 1491-1494, 1971-1974) were stacked using mathpha. Only the exposures 
where the source was within the FOV during that observation were included. 
Fig 5.1 shows how the response matrices effect the shape of the final spectrum. All 
ancillary and response matrix files from all observations for each source and camera 
were combined using addarf and addrmf. To prepare for spectral fitting the FTOOLS 
task grppha was used for all cameras, sources, and background. This grouped the 
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Photon Absorption Model Photon Absorption Model w/ Response Matrix 
(a) (b) 
Figure 5.1: a) Absorbed Power Law Model, b)Absorbed Power Law Model once the 
response matrices are included. 
data, subtracted the background, and associated the ancillary and redistribution ma-
trix files to the spectra. At this time, the background count rate was rescaled using 
the ratio of the source and background areas. 
Some features appearing in the spectra that are a result of the camera's intrinsic 
background electronic noise (Freyberg et al., 2004). Fig 5.2 shows examples of the 
spectral line responses for the pn camera. The spectrum is taken when an observation 
was performed with the filter wheel closed. No radiation was recorded in this time 
so the spectrum is from the CCD instrumentation itself. The strength of these lines 
vary across the detector and are spatially inhomogeneous and therefore cannot be 
completely removed in processing. The most prominent lines that are visible in the 
spectra are the Al-Kcn line and Cu-Ka. 






Figure 5.2: EPIC pn background spectrum in the 0.2 — 18keV range showing the 
prominent Al-Ka, Ni-Ka, and Cu-Ka lines at 1.5, 8.5, and 7.5 keV respectively 
(Freyberg et a l , 2004). 
5.2 Models 
The X-ray spectral-fitting program Xspec (Arnaud et al., 2010)1 was used for spec-
tral fitting. The spectrum, having both background and response matrices included, 
was given a model with parameters that can be used to describe that spectrum. For 
each spectrum, a predicted spectrum is calculated and compared to the observed data. 
The fitting statistic is computed from the comparison between the predicted model 
and the actual spectra. A local (as opposed to global) fitting algorithm was used that 
was based on calculating the second derivative of the fitting statistic with respect to 
the the model parameters. The fitting statistic used was the reduced Chi-Squared 
(xl) statistic with the degrees of freedom defined as the number of channels minus 
the number of model parameters (Arnaud et al., 2010). The model parameters were 
then varied to find the values that had given the best xl statistic. If the xl > 1> 
the model is considered a poor fit. If the x£ < 1, the errors on the data have been 
over-estimated. A xl = 1 means a perfect fit. The confidence interval for a parameter 
1http://heasarc. nasa.gov/xanadu/xspec/ 
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Model 
Photon Absorption Power Law 
Mekal 
Blackbody 
Blackbody + Power Law 





















Table 5.1: Model Free Parameters. The normalization appears below the parameter 
to which it applies and it scales with flux. 
is computed by varying the xl until it has increased above the best-fit value. 
All models used a Galactic absorption for the Milky Way starting at ^#=0.01 
xlO22 cm - 2 and photon index = 1 . 9 and then allowed to vary for the model fit. If 
an acceptable spectrum from both pn and MOS cameras were available, the models 
were fit to the combined spectrum. When using a combined pn and MOS spectrum, 
simultaneous fitting was done by linking the parameters and only allowing the cross-
normalization to vary to account for the cameras different efficiency. All model fits 
for pn, combined MOS, and combined cameras for each source are shown in appendix 
C. 
Four models were chosen for preliminary spectra fitting of all sources in a uniform 
way; a power law with photo-electric absorption model, the Mewe-Kaastra-Liedahl 
(Mekal) thermal plasma model, a blackbody spectrum model, and a combination of 
the power law and black body law model. The models can be seen in Fig 5.3 with 
free parameters in seen in Table 5.1. 
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Photon Absorption Model Mekal Model 
Energy (keV) Energy (keV) 
(a) (b) 
Blackbody Model Blackbody + Power Law 
Energy (keV) Energy (keV) 
(c) (d) 
Figure 5.3: Models used for source fitting. All models used a fixed Galactic absorption 
for the Milky Way as ^ = 0 . 0 4 3 1 xlO22 cm - 2 . The starting value of the intrinsic 
column density was set to iV#=0.01 xlO22 cm - 2 and the starting value of the photon 
index was set to F= 1.9 then allowed to vary for the model fit. Free parameters can 
bee seen in Table 5.1. a) Absorbed power law model, b) Mekal model, c) Blackbody 
model with starting temperature [kT] at 3 keV. d) Blackbody + Power Law model. 
The power law (Fv = u~
r) with photo-electric absorption (NH) model is shown 
in Fig 5.3a. This model fits most AGN because of the photons from the accretion 
disc being up scattered in the corona via the inverse Compton effect. The added 
absorption accounted for the column density within the AGN. 
The Mewe-Kaastra-Liedahl (Mekal) thermal plasma model is the emission spec-
trum from a hot diffuse gas based on the calculations of Kaastra with Fe L calculations 
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Figure 5.4: The 30 + 1 sources with a weighted source count > 650 used for spectral 
analysis. Source 6 is out of the field of view used for this image. 
by Liedahl (Mewe et al., 1985, 1986; Kaastra, J.S., 1992). It has a bremsstrahlung 
continuum with various emission lines through out as seen in Fig 5.3b. This is most 
often found in the inter-cluster medium of galaxy clusters. 
A blackbody spectrum model is a standard blackbody seen in Fig 5.3c. These 
spectra are usually found in globular clusters or X-ray binaries and are usually "super-
soft". 
The final modes is the blackbody plus power law model, which can also describes 
Type I AGN spectra well. It is a phenomenological model that has been shown 
describes type I AGN spectra. The nature of this model and why it fits type I AGN 
is debated [e.g. Gierlihski & Done (2006), Ross & Fabian (2005)]. 
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We generated spectra for sources with more than 650 weighted counts to ensure 
good statistics for model fitting. Thirty sources with weighted counts of ^ 650 appear 
in the FOV. Despite source 37 having <C 650 counts, its very blue colour was of interest 
and therefore analyzed. Fig 5.4 shows the location of the 30 + 1 sources. Appendix 
B.2 shows a table of the best-fit model(s) for sources. 
Fig 5.5a shows source 1, the AGN 1H0707-495. This is a complex spectrum and 
has many studies performed on it. More information of this AGN can be found 
in Gallo et al. (2004) and Zoghbi et al. (2010). Fig 5.5b shows source 2, the second 
brightest source in the FOV and the first source this work investigated. The combined 
pn (black) and MOS (red) spectrum shows a good fit with an absorbed power law. 
Source 2 is most likely a type I AGN. Hardness ratios (as will be discussed in chapter 
6) also show characteristics of a type I AGN. Using source 2 as the calibration for a 
standard spectrum for a type I AGN, Fig 5.6 shows how the residuals looked when 
other models were used. 
There were 16 X-ray sources fit the power law model within acceptable parameters, 
S u r a l 1H07O7-4M i*n,Tmi<KX 
EnagyPoV) i ™ w W ) 
(a) (b) 
Figure 5.5: a)Complex spectrum of 1H0707-495 (Fabian et a l , 2009b). b)Source 2 
pn (black) and MOS (red) spectra with photo-electric absorption power law including 
residuals seen in lower panel. 
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Figure 5.6: Residuals of source 2 for models of: a)Absorbed power law. b)Mekal. 
c)Blackbody. d)Blackbody + Power Law. 
though some sources did show better fits with other models. Most sources that had 
an acceptable fit to the absorbed power law had T w 1.5 — 2.3 with errors ranging 
from 0.009 — 1.5. The few that did not fall within that range mostly had another 
model with a better fit. Only five show the blackbody or Mekal model fitting well 
with four having fitting the blackbody + power law model. Four sources did not fit 
any of the four standard models used here and will be investigated in section 5.3. In 
most cases it is impossible to determine, with greater certainty, which model fits best 
because of comparable statistics. In many cases, the hard energy above 2 keV has 
error bars much too large and the source most likely background dominated. Sources 
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3, 9, 10, 20, and possibly 29 show a very steep slope before 2 keV. Because this is seen 
only with spectra from the pn camera, it may be a systematic phenomenon. These 
sources are spread out through the FOV, so one CCD cannot be responsible for the 
break. Most other sources have data beyond 2 keV showing it is possible to have data 
above the 2 keV energy. Looking at the "real-colour" image Fig 3.4, Sources 9 and 
10 are predominately red (soft), while the others are green or blue (hard), suggesting 
that energy band selection effects are not present. 
5.3 Anomalous Sources 
A number of X-ray sources had spectra not well described by the four standard 
models. These sources required further investigation with additional models. Taking 
these characteristics into account, we could start to look into possible identification. 
Without additional information (e.g. optical or infrared data) these sources cannot 
be identified with certainty. 
5.3.1 Source 22 
The spectrum of source 22 (Fig 5.7a) appears different from most other sources. 
Most of the source spectra slope downward or flatten at low energies because of 
absorption within our own Galaxy as seen in Fig 5.7b. Source 22 has a strong soft 
excess and low absorption, suggesting the possibility it is Galactic. The four standard 
model used were not a good fit and can be seen in Fig C.23. Two possible identities 
of this source are considered. 
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Figure 5.7: a) Source 22 spectrum, b)Source 22 (black w/ circles) compared with 








Figure 5.8: a) The 0.2-3 keV range of source 22. b)AM Her J0704.2+6203 (Tovmas-
sian et a l , 2001). The similarities comparing source 22 to AM Her RX J0704.2+6203 
can been seen. 
A possible A M Her object 
A model with a soft blackbody and hard bremsstrahlung was used and found to 
fit well (Fig 5.9a). This is the standard model for a polar cataclysmic variable (CV), 
or AM Her system seen in Fig 5.8b. AM Her systems are binary systems where one 
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companion is a white dwarf with a high magnetic field that prevents an accretion disc 
from forming. Instead, the material from the companion star is directed to the poles 
by the magnetic field until it impacts on the surface at substantial velocities. The 
collision generates a shock wave giving rise to the hard X-ray portion of the spectrum. 
The hard X-rays heat the local area around the pole enough for the pole to become 
a source of intense soft X-rays2. A search of the SIMBAD Astronomical Database 
shows no counterpart within two arcmin. 
While this model showed low residuals, there was a double hump in the harder 
energy ranges that was not accounted for. To include this into the model, a Gaussian 
absorption line (Fig 5.9b) and a cyclotron absorption line (Fig 5.9c) at 3.8 keV was 
used. The Gaussian absorption line reaches deeper into the absorption and reaches 
higher on the second hump; however there is no identifiable source for the line. Adding 
the cyclotron absorption line does not reach as deep into the line and does not reach 
the apex of the secondary hump but, if it is a CV, cyclotron effects are more likely. 
The models for AM Her systems show a blackbody temperature (kT) ~20 eV and 
a bremsstrahlung temperature (kT) ~10-40 keV. With this model of blackbody and 
bremsstrahlung, source 22 shows a blackbody temperature (kT) of 1.16+0.38 keV and 
bremsstrahlung temperature (kT) of 6.27 + 0.66 x 10~2 keV. This is inconsistent with 
a AM Her system. Furthermore, RX J0704.2+6203 has an unabsorbed luminosity of 
3.4 x 1031 erg/s while source 22 models an unabsorbed luminosity of 4.26 x 1042 erg/s, 
much higher than AM Her systems. 
A possible Low-ionization nuclear emission line region (LINER) 
LINERs are galactic nuclei having high emission lines because of low ionization of 
some atomic species such as 0° , S+ , and N+ (Heckman, 1980). There are two debates 
2http://heasarc.gsfc.nasa.gov/docs/objects/cvs/cvstext.html#resources 
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Figure 5.9: Source 22 with the a) blackbody + bremsstrahlung model, b)blackbody 
+ bremsstrahlung with a Gaussian absorption line profile, and c)blackbody + 
bremsstrahlung with a cyclotron absorption line profile. 
on LINERs: the source of the energy and how the ions are excited. The initial and 
still held belief is that LINERs are a transformation from normal galaxies to Seyfert 
galaxies (Heckman, 1980; Ho et al., 1993), while others believe LINERs are because 
of violent star formation activity and high metal abundances (Terlevich & Melnick, 
1985; Shields, 1992). Ion excitation is equally debated and is not necessarily mutually 
exclusive to energy source beliefs. The one thought is that shocks drive the nuclear 
gas (Heckman, 1980) and the other is that photoionization, either stellar (Terlevich 
k Melnick, 1985; Shields, 1992) or AGN (Ho et al., 1993), causes the excitation. 
channel energy (keV) 
(a) (b) 
Figure 5.10: a)Spectrum of LINER galaxy NGC 1052 assuming nuclear emission 
(Kadler et al., 2004). b) Source 22 showing an absorbed Raymond-Smith thermal 
plasma + power law model with residuals. 
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Assuming AGN energy source and excited ions via shocks, Fig 5.10a shows the 
spectrum of the nucleus of LINER galaxy NGC 1052. An absorbed Raymond-Smith 
thermal plasma combined with a power law model was used. The Raymond-Smith 
model shows emission spectra from hot, diffuse gas from several different elements 
ranging from 0.008 - 80 keV (Raymond & Smith, 1977). A power law type X-ray 
spectrum of the central X-ray source and a thermal plasma spectrum for the soft 
excess was assumed (Kadler et al., 2004). Compare that to the spectrum of source 22 
in Fig 5.10b fit with the same model. The similarities are easily seen though the fit 
does not account for the deeper absorption like features at 0.9 and 4 keV. Standard 
redshift for a LINER is z « 0.8 — 0.9 (Lemaux et al., 2010), the Xspec Raymond-Smith 
+ power law model for source 22 gave a redshift of z = 1.26 ± 0.35 assuming a NCG 
1052-type spectrum for a LINER. X-ray luminosity of a LINER has been found to be 
Lx ~ 10
42 — 1043 erg/s (Brightman & Nandra, 2011). Using a conservative redshift 
of z = 1.00, source 22 was found to have a X-ray luminosity Lx m 6.83 x 10
44 erg/s, 
very high any current values for a LINER. 
Of the two possible objects described above, the more likely appears to be a 
LINER. While the spectrum is a good fit to the model used for AM Her systems, 
the numbers from that model are several orders of magnitude away from accepted 
values. The numbers from the LINER model are not a perfect fit to accepted values, 
however they are much closer that the AM Her systems numbers. Any confirmation 
of a LINER nature for source 22 would require additional optical and/or near infrared 
observations. 
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(a) (b) (c) 
Figure 5.11: a) MOS spectrum of source 26. Model fits and residuals are shown for; 
b)blackbody and c)Gaussian line profile. 
5.3.2 Source 26 
Source number 26 can be seen in Fig 5.11a. It can be seen that the spectral quality 
has become lower. It can be seen that the peak of the spectrum is at harder energy 
as well as a sharp drop off on either side of the peak. Fig 5.11b and c show a possible 
fit with a blackbody and a Gaussian line profile, respectively. If we assume the source 
is not redshifted, the peak shows an emission line fitting the Gaussian at ~2 keV. 
Looking at the spectrum, one could consider a peak anywhere between 2-3 keV. Fig 
5.12 show some spectral possibilities for source 26. Fig 5.12a shows the spectrum of a 
type II AGN (Mateos et al., 2005). There is a similar steep rise to the peak at ~2 keV 
and then a steep drop from the peak, though source 26 does not have the additional 
component that this type II AGN has at >4 keV. Fig 5.12b and c show spectra of 
high mass X-ray binaries (HMXB) systems. HMXB systems consist of a neutron star 
or black hole with a high mass stellar companion (Masetti et al., 2010). Both spectra 
show a peak spanning across the 1-2 keV energy range, but neither of them have 
the steep rise or drop seen in source 26. A search of the NASA/IPAC Extragalactic 
Database and SIMBAD Astronomical Database also shows no counterpart or high 
mass stellar companion within 1.5 arcmin. 
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Figure 5.12: a) Spectrum of Mateos et al. (2005) type II AGN "source 172" with an 
absorption edge at ~7.56 keV. b)X-ray spectrum for HMXB 1ES 1210-646 during 
XRT observation (Masetti et al., 2010). c)Time resolved spectrum of HMXB Cen 
X-3 from Suzaku (Naik et al., 2011). 
Using the the X-ray photon energy emission lines from Bearden (1967), the possible 
X-ray emission lines for the Gaussian at ~2 keV are phosphorus Ka and sulfur Ka. 
Phosphorus Ka has been seen in stellar wind X-rays from OB stars (Waldron & 
Cassinelli, 2007; Cassinelli et al., 2008) and sulfur Ka has been seen in jets of binary 
star systems (Kotani et al., 1994). The latter could correspond to the HMXB spectra 
discussed above, but the narrow energy and low resolution of the spectrum make it 
implausible to make a positive determination for this source. 
5.3.3 Source 27 
The spectrum for source 27 can be seen in Fig 5.13a. This consists of a sharp 
apex at M3.85 keV and steep drop offs on each side of that peak. The majority of the 
spectrum is located within 0.5 and 1.5 keV. Fitting the four input models (Appendix 
C.26) showed the peak distinctively appearing in the residuals. To lessen the residuals 
of the peak, Gaussian (Fig 5.13b) and Gaussian with blackbody (Fig 5.13c) models 
were fit with a line energy of ~0.85 keV. 
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(a) (b) (c) 
Figure 5.13: a) pn spectrum of source 27. Model fits and residuals are shown for; 
b) Gaussian and c)Gaussian + blackbody. 
A possible AM Her object 
Again, we look at the AM Her CV. Fig 5.14a shows SDSS J1553. It can be seen that 
compared to J0704.2+6203 from a previous section; there is no hard component to the 
spectrum of SDSS J1553. The absence of this hard energy shows that accretion shock 
at the magnetic poles is not present because of a lower accretion rate but warming is 
still present to cause the soft X-rays (Szkody et al., 2004). This spectrum is fit with 
a Mekal thermal plasma + blackbody model, Mekal fitting the peak and blackbody 
fitting the soft excess. Fitting the same model to source 27 gives a relatively good 
fit (Fig 5.14b). The peak is still present in the residuals and the blackbody portion 
is not represented because of the absence of spectral energy < 0.5 keV. The fit of 
SDSS J1553 found the thermal plasma temperature (kT) to be 0.78 keV (Szkody 
et al., 2004) and source 27 to be 0.89 keV, showing similar numbers and magnitudes. 
This is merely one example of a low accretion AM Her polar and is not necessarily 
representative of all such systems. 
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A possible Herbig A e / B e Star 
A Herbig Ae/Be star are of spectral type A or B with emission lines, luminosity 
class III-V, and have a infrared excess because of hot or cool circumstellar dust (Waters 
& Waelkens, 1998). It has only recently been found that X-rays are emitted by these 
objects via accretion shock. 
Fig 5.15a shows the X-ray spectrum of Herbig Ae HD 163296 (from Giinther & 
Schmitt, 2009) and MWC 480 (Grady et a l , 2010) fit with an absorbed one temper-
ature (IT), thin-thermal plasma model finding a temperature (kT) of 0.5 and 0.47 
keV, respectively. Fitting the same model to source 27 (Fig 5.15b) shows a similar 
trend with the temperature (kT) being 0.64 keV. 
It must be noted that because of the simplistic curve, large error bars, and lim-
ited energy range of the spectrum of source 27, both the Mekal thermal plasma and 
absorbed IT thin-thermal plasma model look identical and only differ in temperature 
(kT) by 0.25 keV and flux by 0.024 erg/cm2/s. With such a limited energy spectrum, 
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Figure 5.14: a) Spectrum of SDSS J1553 (Szkody et al., 2004). b) Source 27 fit with 
a Mekal + Blackbody model. 
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Figure 5.15: a) Spectrum of HD 163296 (after Giinther & Schmitt, 2009) and MWC 
480 (Grady et a l , 2010). b) Source 27 fit with a APEC thermal plasma model. 
5.3.4 Source 37: Big Blue 
As mentioned before, it is preferable to have > 650 weighted counts to form a 
spectrum. While investigating the "real-colour" image, there was one very blue/hard 
source (labeled "Big Blue" in Fig 5.4) that warranted investigation. 
The spectrum seen in Fig 5.16a shows a drastic degradation in quality and reso-
lution compared to the other sources because the count rate is much less than that 
preferred. Though the quality is lower, a general trend can be obtained from this 
source. The spectrum is well fit with an absorbed power law and Gaussian line pro-
file where the Gaussian is left to be at an arbitrary energy. The model found the 
Gaussian peaks at ~5.4 keV. If one assumes the Gaussian profile to be the Fe Ka line 
normally at 6.4 keV, a redshift can be determined at z=0.17. Assuming this redshift 
and Galactic NH of 0.0431 x 10
22 cm"2, and a photon index F = 1.8, Big Blue is 
found to have an unabsorbed X-ray luminosity of 1.09 x 1042 erg/s and a column 
density of 0.43 ± 0.31 x 1024 cm - 2 in the 0.5 - 12 keV band, putting it on the lower 
limits of a mildly Compton thick (CT) source (Maiolino et al., 1998). CT sources are 
heavily obscured AGN and are only visible via indirect X-rays that are reflected and 
scattered (Brandt & Hasinger, 2005). Because of the low luminosity, few CT sources 
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Figure 5.16: a)pn spectrum of source 37 [Big Blue]. Model fits and residuals are 
shown for; b)Absorbed power law + Gaussian and c)power law + Gaussian. 
have been found though it is thought the population of mildly CT sources make up 
to a 40% (Comastri, 2004) contribution to synthesis models for the CXRB. These CT 
source are needed in order to match the peak of the CXRB spectrum at about 30 keV 
(Treister et al., 2010). 
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X-ray Colour-Colour Diagram 
Hardness Ratio 
X-ray colours, or Hardness Ratios (HR), are commonly used in X-ray astronomy to 
identify spectral properties of sources when data is insufficient to produce a spectrum 
of the source. The SAS task emlde tec t used the count rates in the four different 
energy bands to derive camera-specific hardness ratios. Each hardness ratio is defined 
as 
TTT3 _ CRhard ~ CRsoft 
CRhard + CRsoft 
where CRhard and CRsoft are the count rates in hard and soft energy bands, respec-
tively. 
Figure 6.1 and Figure 6.2 show the pn cameras X-ray colour-colour diagram for 
different colours. Superimposed on the figure is a model grid for absorbed power law 
spectra. The neutral hydrogen absorption (from the source galaxy) for the models 
were set with log NH from 20 to 23 with steps of 0.5, increasing NH from bottom to 
top. The photon indices were set to F = 0 ,1 ,2 ,3 , increasing to the left. Black dots 
are those sources with unconstrained uncertainties while the turquoise points show 
sources with reasonably constrained uncertainties (< 0.1) as shown by the error bars. 
Hardness ratios can be seen for the soft energy bands in Fig 6.1. Typical type I 
AGN are relatively soft with a photon index F « 1.7 — 2 and low apparent column 
densities of log NH < 21.5 c m - 2 (Hasinger et al., 2001). Fifteen sources with error 
< 0.1 show type I AGN characteristics in this field. Five sources show with uncertainty 
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Figure 6.1: Hardness ratios for soft energy bands of 0.5-1 versus 1-2 keV (HR1) to 
1-2 versus 2-4.5 keV (HR2) of the pn camera. The grid gives the expected hardness 
ratios for the power law models with photon indices F = 0, 1 ,2 and ,3 (dashed lines) 
and neutral hydrogen absorption of log NH between 20 and 23 with steps of 0.5 (solid 
lines). The location of F = 0 and log NH = 20 is marked with a orange diamond. 
Cyan circles show the hardness ratios of sources with error < 0.1 while the black dots 
show the hardness ratios with error > 0.1. 
< 0.1 are located over a wider area that could be type II AGN or galaxy clusters. 
A significant portion of the sources are located within r « 1 — 2, consistent with 
the population of X-ray sources. Appendix A.l shows the pn camera's hardness ratio 
data for all sources. Sources that had a constrained hardness ratio were consistent 
with the spectral identification. 
Fig 6.2 shows the harder energy band hardness ratios. It is seen that many of 
the points lie to the right of the model grid. It has been suggested that XMM-
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Figure 6.2: Hardness ratios for hard energy bands of 2-4.5 keV (HR2) versus 4.5-12 
keV (HR3) of the pn camera. The grid gives the expected hardness ratios for the 
photon power law models with photon indices F = 0, 1 ,2 and ,3 (dashed lines) and 
neutral hydrogen absorption of log NH between 20 and 23 with steps of 0.5 (solid 
lines). The location of F = 0 and NH = 20 is marked with a orange diamond. Cyan 
circles show the hardness ratios of sources with error < 0.1 while the black dots show 
the hardness ratios with error > 0.1. 
Newton tends to characterize points typically harder than previous X-ray observatories 
because of the wide energy band and sensitivity to the hard band (Hasinger et al., 
2001). If this is the case, the points can be considered to be slightly softer and shifted 
to the left where the hardness ratios are softer. At this time there isn't a way to 
estimate how much harder XMM-Newton may characterize the sources. It is also 
possible that the sources are background dominant at high energy levels. This would 
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The hardness ratio analysis for the softer energy bands is consistent with many of 
sources being type I AGN. Some sources are less constrained and could represent type 
II AGN or galaxy clusters. The harder energy bands show less continuity with the 
model webbing. This could be because of instrumental manifestations or the majority 
of sources being background dominant. 
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Chapter 7 
Summary and Conclusions 
The thirteen XMM-Newton EPIC observations of the intermediate-latitude field 
around type I AGN 1H0707-495 were analyzed in order to investigate the properties 
of the X-ray source population. This survey covers an area of ~0.7 deg2. A total 
of 128 sources were detected in the 0.5-12 keV energy band excluding the AGN and 
surrounding one arcmin. This survey has a limiting flux of 6.72 x 10~16, 2.94 x 10~15, 
and 1.14 x 10 -14 ergs/cm2/sec in the 0.5-2, 2-4.5, and 4.5-12 keV bands, respectively. 
Together with the source catalogue, we derived a log(N)-log(S) relation in the flux 
interval sampled by the survey. The log(N)-log(S) relation in the hard and soft bands 
show slightly higher slopes then previous surveys and models because of possible bias 
from the deeper observation. There has also been a shift to a slightly higher value of 
surface number density for the fluxes. 
Spectra were created and analyzed for the 30 brightest sources and one additional 
source of interest. Many of the sources followed the power law model for type I AGN. 
Three sources warranted further investigation, however positive identification is not 
possible without additional wavelength observations. Source 22 spectrum showed 
resemblances to an AM Her polar system, though the blackbody and bremsstrahlung 
temperatures did not fit that of an AM Her polar. The possibility of a LINER was 
also investigated, but the values of redshift and X-ray luminosity was found to be 
high. Source 26 was compared to the spectrum of a type II AGN and a HMXB, 
but the spectrum is of limited quality and energy coverage so it is difficult to make 
a definite determination. Source 27 spectrum showed relations to a low accretion 
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rate AM Her system and a Herbig Ae star, again the limited energy range and low 
resolution prevented any positive identification. The hard source 37 (Big Blue) was 
investigated and found to be a possible candidate for a mildly Compton thick source. 
Colour-colour diagrams were made using hardness ratios of each source and then 
superimposed on models for identification. The soft band plot show a clustering of 
possible type I AGN around F as 1.7 — 2 and log NH ~ 20 — 21 cm - 2 with additional 
sources located within the model grid. The hard band plot shows sources to be 
harder than the model grid although XMM-Newton characterizing sources harder 
than previous X-ray observatories. 
Future work could be done in order to improve this survey. Source time variability 
would show any change in X-ray luminosity over time. This would help in identifying 
sources. For example, AGN and binary systems in outburst will show variation in 
luminosity over time while clusters of galaxies remain constant. Timing analysis 
could also be used to detect X-ray transients. Investigation into optical or infrared 
counterparts or companions will help identify and classify sources. For example, if an 
optical companion is found for source 22, source 26, or source 27 then there would be 
further evidence for binary systems. Optical data would allow distance determination 
as well as AGN classification. 
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Appendix A 
Source Catalogue 
Table A.l lists the sources from brightest to dimmest. The convention used to 
determine order was taking the brightest weighted source count. The right accession 
and declination is shown in units of degrees. All harness ratios and errors are shown. 
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Appendix B 
Source Best Fit Models 
In Table B.2 we show the best fit models of the brightest 30 sources. The columns 
are as follows: Column 1 shows the XMM-Newton source number from the XMM-
Newton Science Archive1. All have the prefix "2XMM". Column 2 is the source num-
ber used for this work. Columns 3 - 4 show the source right accession and declination 
in degrees, respectively. Column 5 shows the source weighted counts in energy range 
0.5-12 keV. Column 6 shows the best-fit model(s) with * indicating multiplication. All 
models include Galactic NH = 0.0431 x 1022 cm - 2 unless marked with f. If marked 
with "none", an acceptable spectrum was unable to be produced. The Xspec terms 
are defined in Table B.l. Column 7 shows the model(s) best-fit reduced chi-squared. 
Column 8 shows the degrees of freedom defined as the number of channels minus the 
number of model parameters (Arnaud et al., 2010). Columns 9 and 10 show the total 









Gaussian Absorption Line 











Table B.l: Xspec Terms 
http://xmm.esac.esa.int/xsa/ 
Table B.2: Source Models 
(1) (2) (3) (4) (5) 
XMM-Newton Source RA DEC Weighted 
Source Name [Deg] [Deg] Counts 
(6) 
Model 
(7) (8) (9) (10) 
pn MOS 
dof Flux Flux 














































































































































































































































































(1) (2) (3) 
XMM-Newton Source # RA 















































































































J070809.3-492230 21 107.03869 
J070809.3-492230 22 107.11474 
J070827.6-492317 23 107.18769 
J070845.0-494424 24 107.01216 
J070802.8-492147 25 107.01448 
J070803.7-493402 26 107.45657 
J070949.6-493826 27 106.89225 
J070913.90493747 28 107.30777 
cont 
Table B.2 
(1) (2) (3) (4) (5) 
XMM-Newton Source # RA DEC Weighted 









































J070913.90493747 29 106.91323 -49.67503 627 
J070739.3-494029 30 107.10741 -49.53213 616 
J070825.5-493157 37 107.20391 -49.46864 502 
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Appendix C 
Source Spectra 
All combined pn and MOS spectra have pn as black and MOS as red. 
Photon Absorption Model 
(a) (b) 
(c) (d) 
Figure C.l: Models used for source fitting. All models used a fixed galactic absorption 
^ = 0 . 0 4 3 1 xlO22 cm - 2 and a starting column density of NH=-01 xlO
22 cm - 2 and 
photon index = 1 . 9 then left as a free parameter, a) Absorbed power law model, b) 
Mekal model with redshift left as a free parameter and abundance held at the solar 
value, c) Blackbody model with starting kT at 3keV. d) Blackbody + Power Law 
model with the parameters as defined in the initial power law and blackbody models. 
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Figure C.2: a) pn spectrum of source 2 w/o models, b) Absorbed power law. c)Mekal. 
d)Blackbody. e)Blackbody + Power Law. 
Appendix C. Source Spectra 79 
Source 2 MOS 
(a) 
Source 2 MOS Source 2 MOS Mekal 
(b) (c) 
Source 2 MOS Blackbody Source 2 MOS Blackbody + Power Law 








Figure C.3: a) MOS spectrum of source 2 w/o models, b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.4: a) Combined spectrum of source 2 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.5: a) pn spectrum of source 3 w/o models, b) Absorbed power law. c)Mekal. 
d)Blackbody. e)Blackbody + Power Law. 
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(a) 
Source 4 PN Mekal 
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Figure C.6: a) pn spectrum of source 4 w/o models. b)Absorbed power law. c)Mekal. 
d)Blackbody. e) Blackbody + Power Law. 
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Figure C.7: a) MOS spectrum of source 4 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.8: a) pn and MOS spectra of source 4 w/o models, b) Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.9: a) MOS spectrum of source 5 w/o models. b)Absorbed power law. 
c) Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.IO: a) MOS spectrum of source 7 w/o models, b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.ll: a) pn spectrum of source 9 w/o models. b)Absorbed power law. 
c)Mekal. d) Blackbody. e) Blackbody +• Power Law. 
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Figure C.12: a) pn spectrum of source 10 w/o models. b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody with NH is a free parameter, f)Blackbody + 
Power Law. 
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Figure C.13: a) pn spectrum of source 11 w/o models, b)Absorbed power law. 
c) Mekal. d) Blackbody. e)Blackbody + Power Law. 
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(a) 
Source 12 PN 















































Figure C.14: a) pn spectrum of source 12 w/o models, b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody + Power Law. 
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(d) (e) 
Figure C.15: a) pn spectrum of source 12 w/o models, b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.16: a) pn and MOS spectrum of source 12 w/o models. b)Absorbed power 
law. c) Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.17: a) pn spectrum of source 13 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.18: a) pn spectrum of source 14 w/o models. b)Absorbed power 
law. c)Mekal. d)Blackbody. e)Blackbody when NH is left as a free parameter, 
f)Blackbody + Power Law. 
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Figure C.19: a) pn spectrum of source 14 w/o models, b)Absorbed power law. 
c)Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.20: a) pn spectrum of source 14 w/o models. b)Absorbed power law. 
c) Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.21: a) pn spectrum of source 19 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.22: a) pn spectrum of source 20 w/o models. b)Absorbed power law. 
c) Mekal. d) Blackbody. e)Blackbody + Power Law. 
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Figure C.23: a) pn spectrum of source 22 w/o models with extended energy shown. 
b)Absorbed power law. c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.24: a) pn spectrum of source 24 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Figure C.25: a) pn spectrum of source 26 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e) Blackbody + Power Law. f) Gaussian line profile. 
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Figure C.26: a) pn spectrum of source 27 w/o models. b)pn spectrum of source 27 
w/o models, c) Combined pn and MOS spectrum of source 27 w/o models.d) Absorbed 
power law. e)Mekal. f)Blackbody. g) Blackbody + Power Law. 
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Figure C.27: a) pn spectrum of source 28 w/o models. b)Absorbed power law. 
c) Mekal. d) Blackbody. e) Blackbody +- Power Law. 
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Figure C.28: a) pn spectrum of source 29 w/o models. b)Absorbed power law. 
c)Mekal. d)Blackbody. e)Blackbody + Power Law. 
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Source 37 [Big Blue] PN 
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Figure C.29: a)pn spectrum of source 37 [Big Blue]. Model fits and residuals are 
shown for; b)Absorbed power law + Gaussian, c)Absorbed power law + Gaussian w/ 
redshift. d)Power law w/ redshift + Gaussian. e)Power law w/ redshift + Gaussian 
w/ redshift. 
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Appendix D 
Acronyms 
• AGN: Active Galactic Nuclei 
• ARF: Ancillary Response File 
• ASCA: Advanced Satellite for Cosmology and Astrophysics 
• BLR: Broad Line Region 
• CCD: Charged-Coupled Devices 
• CCF: Current Calibration File 
• CIF: Calibration index file 
• CT: Compton Thick 
• CTE: Charge Transfer Efficiency 
• CTI: Charge Transfer Inefficiency 
• CXRB: Cosmic X-ray Background 
• EPIC: European Photon Imaging Camera 
• ESA: European Space Agency 
• FITS: Flexible Image Transport System 
• FOV: field of view 
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FWHM: Full Width Half Maximum 
GTI: Good Time Interval 
HEW: half energy width 
HMXB: High mass X-ray binary 
HR: hardness ratio 
LINER: Low-ionization nuclear emission line region 
MOS: Metal Oxide Semi-conductor CCD camera 
NLR: Narrow Line Region 
ODF: Observation Data Files 
OM: Optical Monitor 
OoT: Out-of-Time event 
PHA: Pulse Height Analyzer 
PI: Pulse-Invariant 
QE: Quantum Efficiency 
RGS: Reflection Grating Spectrometer 
RMF: Redistribution Matrix File 
SAS: Scientific Analysis System 
XMM: Multi-Mirror Mission 
XSA: XMM-Newton Science Archive 
